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bstract
In the present scenario of all over world, the planning of distributed generations (DGs) in distribution power systems are very
mportant issues from power system performances viewpoints. The broad categories of different types of DGs on the basis of their
ower delivering characteristics are considered T1, T2, T3 and T4 with different load models (DLMs) for the analysis in this paper.
his paper presents the impact assessment of optimally placed different types of DGs (such as T1, T2, T3 and T4) with DLMs by
mploying genetic algorithm (GA) in the distribution power systems (DPSs) form total minimum real power loss of the system
iewpoint. Different DPS performance parameters such as minimization of real power loss, minimization of reactive power loss,
mprovement of voltage profile, reduction of the short circuit current or MVA line capacity and reduction of the environmental
reen house gases like carbon dioxide (CO2), sulphur dioxide (SO2), nitrogen oxide (NOx) and particulate matters in emergency
.g. under fault, sudden change in field excitation of alternators or load increase in the distribution power system are considered. The
ontribution of the present work is to investigate the comparisons of different DGs with DLMs by excercizing GA in the distribution
ystems form minimum total real power loss of the system viewpoint. The effectiveness of the proposed methodology is tested on
EEE-37 bus distribution test system. The different types of DGs (such as T1, T2, T3 and T4) with DLMs have shown different
ehaviours for power system performance indices such as PLI, QLI, VDI, SCCI and EIRI viewpoints. The sequence of overall power
ystem performance indices such as PLI, QLI, VDI, SCCI and EIRI are as follows: T2 >  T1 >  T4 >  T3. This paper presents that the
verall performance of T2 type DG is better as compared to T1, T3 and T4 types DGs in the distribution system form minimum real
ower loss of the system viewpoint.
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Nomenclature
Abbreviation
BWL Buses without load
COM Commercial load model
CON Constant load model
DERs Distributed energy resources
DGs Distributed generations
DGP Distributed generation planning
DLMs Different load models
DNO Distribution network operator
EIRI Environment impact reduction index
GA Genetic algorithm
GHG Green house gases
INS Industrial load model
LLM Low load model
MLM Medium load model
ODGP Optimal distributed generation planning
OPF Optimal power flow
PF Power factor
PLI Real power loss index
PLM Peak load model
RP Reactive power loss
RLP Real power loss
QLI Reactive power index
REF Reference load model
RES Residential load model
SCCI Short circuit current index
SDM Summer day load model
SNM Summer night load model
VDI Voltage deviation index
VP Voltage profile
WDM Winter day load model
WNM Winter night load model
WDG With distributed generation
WODG Without distributed generation
Symbols
LOCDG Location of distributed generation
PDG,  QDG Real and reactive power delivered by distributed generation, respectively, p.u.
PLmin, QLmin Minimum real and reactive power losses, respectively, p.u.
Pintake,  Qint ake Real and reactive power intake of main substation, respectively, p.u.
PFDG Power factor of distributed generation
Sint ake Total MVA intake of main substation, p.u.
Ssystem Total MVA of system, p.u.
T1, T2, T3 and T4 Different types of distributed generation
Vmax,  Vmin Maximum and minimum value of bus voltage, respectively, p.u.
alpha,  βeta Real and reactive power exponent values, respectivelyPlease cite this article in press as: Singh, B., et al., GA-based multi-objective optimization for distributed generations planning
with DLMs in distribution power systems. J. Electr. Syst. Inform. Technol. (2016), http://dx.doi.org/10.1016/j.jesit.2016.10.012
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oFig. 1. Schematic diagram for properly coordinated control of DG1 and DG2 in power systems (Singh et al., 2015).
. Introduction
As the concept of DG involves many technologies and their proper applications, different countries use different
erms for the same like “embedded generation” or “dispersed generation” or “decentralized generation” or “distributed
nergy resources (DERs)”. According to Pepermans et al. (2005) and Ackermann and Andersson Soder (2001), the
efinition of DG goes like DG is an electric power source connected directly to the distribution power network or on the
ustomer site. In Ackermann and Andersson Soder (2001), DG is defined as a generator with small capacity close to its
oad that is not part of a centralized generation system. The open literature review is, strongly, focussed on the need for
he integration of distributed generations (DGs) with the distribution power systems highlighting both technical as well
s economical benefits arisen out of such venture. The impacts of DGs on power system are, mainly, oriented towards
he enhancement of various distribution power system operational indices. According to Pepermans et al. (2008), the
efinition varies, significantly, in terms of characteristic of the generator associated. The Indian Government’s energy
eview report, published in July 2006, highlighted the challenges those are faced in addressing climate change and it
lso ensured the security of energy supplied. The key part of responding to these challenges is to investigate to what
xtent DGs could complement, or in longer term, how much potential it offers as an alternative to the centralized system
Vovos et al., 2010). Current definitions of DGs are very diverse and ranges from 1 kW photovoltaic (PV) installations
r 1 MW engine generators to 1000 MW offshore wind farms.
The various examples of DG technologies (Tamimi et al., 2012) include: solar systems, wind turbine systems, fuel
ell systems, small micro-sized turbines, wave energy systems, tidal energy systems, sea or ocean energy systems, bio-
as systems, diesel engine systems, geo-thermal energy systems, gas engine systems, sterling engine based generators
nd internal combustion engine generators etc.
The concept of optimal placement and properly coordinatation of different DGs in the distribution power system
s presented in Fig. 1. The frequency ranges of interactions between different types of DGs in the distribution power
ystems are shown in Table 1.
The typical optimal DG placement problem deals with the determination of the optimum location and size of the DG
nits to be installed into the existing the distribution power networks. The problem is subjected to electrical network
perating constraints, DGs’ operational constraints and investment constraints. The optimal DG placement is treated as
complex, mixed integer non-linear programming problem. Evolutionary optimization techniques are being employed
n the literature in this endeavour.
Genetic algorithm (GA) is a global search technique based on the mechanics of natural selection and genetics. ThePlease cite this article in press as: Singh, B., et al., GA-based multi-objective optimization for distributed generations planning
with DLMs in distribution power systems. J. Electr. Syst. Inform. Technol. (2016), http://dx.doi.org/10.1016/j.jesit.2016.10.012
dvantages of GA over traditional techniques are that it needs only rough information of the objective function and
laces no restriction such as differentiability and convexity of the objective function. This method works with a set
f solutions from one generation to the next generation, thus, making it less likely to converge to local minima and
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Table 1
Frequency ranges and types interactions between different types of DGs such.
Sl. no. Frequency ranges Types of interactions between different type of DGs
1 0 Hz Steady-state interactions
2 0–3 or 5 Hz Electro-mechanical oscillations
3 2–15 Hz Small-signal or control oscillations
4 10-50/60 Hz SSR interactions
5 >15 Hz Electro-magnetic transients, high frequency resonance or harmonic
resonance interactions and network resonance interactions
Table 2
Types and sizes of different DGs.
Sl. no. Types Ratings
1 Micro DG 1 W–5 kW
2 Small DG 5 kW–5 MW
3 Medium DG 5 MW–50 MW
4 Large DG 50 MW–300 MW
the solutions developed are, randomly, based on the probability rate of the genetic operators such as mutation and
crossover. The initial solutions, thus, would not dictate the search direction of GA.
GA and an improved Herefordranch algorithm (variant of GA) are proposed by Kim et al. (1998) for optimal sizing
of DGs. GA is applied in Borges and Falcao (2006) to solve an optimal DG planning (ODGP) problem with reliability
constraints (Borges and Falcao, 2006). GA is used to solve an ODGP (Singh and Goswami, 2009; Shukla et al., 2010)
that considers variable power concentrated load models, distributed loads and constant power concentrated loads. GA
is employed to solve ODGP that maximizes the profit of the distribution power network operator (DNO) by the optimal
placement of DG (Singh and Goswami, 2010). A GA methodology is implemented to optimally allocate renewable
DG units in the distribution network to maximize the worth of the connection to the local distribution company as
well as the customers connected to the system (Shaaban et al., 2014). A value-based approach, taking into account
the benefits and costs of DGs, is developed and solved by GA that computes the optimal number, type, location and
size of DGs (Teng et al., 2007). GA based method allocates, simultaneously, DGs and remote controllable switches
in the distribution networks (Raoofat, 2011). The Chu–Beasley GA solves a nonlinear bi-level ODGP problem that
maximizes the profits of DGs’ owner subject to the minimization of payments procured by the DNO (López et al.,
2012). Goal programming transforms a multi-objective ODGP into a single objective one which is solved by GA
(Vinothkumar and Selvan, 2012). GA and decision theory are applied to solve an ODGP problem under uncertainty
including power quality issues (Caprinelli et al., 2003). GA and optimal power flow are combined to solve the ODGP
in Harrison et al. (2008). A fuzzy based GA is used in an ODGP model (Kim et al., 2002) that minimizes the real power
loss of the system cost. A fuzzy embeded GA is employed to solve weighted multi-objective ODGP model (Akorede
et al., 2011; Vinothkumar and Selvan, 2011). A hybrid GA and fuzzy logic based goal programming the ODGP is
proposed by Kim et al. (2008). A combined GA and tabu search was suggested by Gandomkar et al. (2005). A hybrid
immune GA algorithm is used in Soroudi and Ehsan (2011) to solve an ODGP that maximizes the profit of the DNO.
GA is used by Ela et al. (2010) to solve a weighted multi-objective ODGP model. Multi-objective ODGP is formulated
and solved by employing GA in Celli et al. (2005), Caprinelli et al. (2005) and Singh and Goswami (2011).
The technical issues related to DGs, however, can vary, significantly, with the rating of the distribution power
systems. Therefore, it is appropriate to introduce the categories of DGs. Depending upon the types and the sizes,
Table 2 depicts the existing categories of DGs (Singh et al., 2008, 2009; IEEE Task Force on Load Representation for
Dynamic Performance, 1993; Quial et al., 2011; Hossein and Morteza, 2012; Kumar and Mittapalli, 2014; Payasi et al.,
2012a,b; Chiradeja and Ramakumar, 2014; Holland, 1975a,b; Khajehzadeh et al., 2011; Singh et al., 2015; SanchezPlease cite this article in press as: Singh, B., et al., GA-based multi-objective optimization for distributed generations planning
with DLMs in distribution power systems. J. Electr. Syst. Inform. Technol. (2016), http://dx.doi.org/10.1016/j.jesit.2016.10.012
et al., 2015; Kousksou et al., 2015; Mallol et al., 2015). The four broad categories of DGs named as T1, T2, T3 and
T4 are discussed in details in Singh et al. (2008, 2009, 2015), IEEE Task Force on Load Representation for Dynamic
Performance (1993), Quial et al. (2011), Hossein and Morteza (2012), Kumar and Mittapalli (2014), Payasi et al.
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2012a,b), Chiradeja and Ramakumar (2014), Holland (1975a,b), Khajehzadeh et al. (2011), Sanchez et al. (2015),
ousksou et al. (2015) and Mallol et al. (2015).
Valipour (2012a,b, 2013, 2015a,b,c) and Khoshravesh et al. (2015) are also very much useful literatures on the
mportance of optimization and optimized values (in other fields) to enhance the literature and to indicate advantages
f this research work.
The main motivation of the present work comes from the utilization of GA for the impact assessment of optimally
laced DGs with DLMs from total minimum real power loss of the system. Different DPS performance index parameters
ike minimization of real and reactive power loss, improvement of voltage profile, reduction of the short circuit current or
VA line capacity and reduction of the environmental green house gases are focused in the present work. IEEE-37 bus
istribution test system is considered for the simulation work. The present work contributes towards the investigation of
he comparisons of different DGs such as T1, T2, T3 and T4 with different DLMs by employing GA in the distribution
ower systems form minimum total real power loss of the system viewpoint. And, among the four types of DGs
onsidered, the impact assessment of the best type of DG is going to be diverged.
.1. Motivation of the present work
Literature survey (Gandomkar et al., 2005), cited in the present work, are pertaining to the impact assessment
f distribution power system performance indices with single type of DG having different loading conditions such
s static load models by applying different novel approaches such as GA (Gandomkar et al., 2005) and exhaustive
earch approach such as deterministic approach (Kim et al., 2008). Literature review reveals that the investigation of
erformance indices of distribution power system having DGs (such as T1, T2, T3 and T4) with DLMs has not been
sed in the open literatures. Literature survey also reveals that the investigation of performance indices of DPS having
ame kind of DGs (such as T2 and T4 at different operating power factors) with DLMs offer better distribution power
ystem indices when power factors varies from 0.80 to 0.99 leading and lagging, respectively and this is not published
n any journals.
.2. Contribution of the paper
This paper considers DGs (such as T1, T2, T3 and T4) with DLMs for the impact assessment of distribution power
ystem performance indices from minimum total real power loss of the system viewpoint by using GA. This paper also
larifies the fact that, among the four types of DGs considered, T2 and T4 type DGs at different operating PFs with
LMs offer better the distribution power system performance indices when power factors varies from 0.80 to 0.99
eading and lagging, power factors respectively.
.3. Organization of the paper
The organization of the rest of the paper is as follows. Section 2 discusses on the mathematical problem formulation.
he concept of GA is briefed in Section 3. In Section 4, simulation results are presented and discussed. Finally, the
onclusions of the paper are drawn in Section 5.
. Mathematical problem formulation
The objective function of the optimal DG placement may be of single or multi-objective type. The single-objective
unction, mainly, includes minimization of the (a) total real power loss (b) reactive power loss (c) voltage deviations
d) short circuit current capacity of MVA intake of a sub-station and reduction of green house gases (GHG) emissions
f the system.Please cite this article in press as: Singh, B., et al., GA-based multi-objective optimization for distributed generations planning
with DLMs in distribution power systems. J. Electr. Syst. Inform. Technol. (2016), http://dx.doi.org/10.1016/j.jesit.2016.10.012
The most common constraints in the optimal DG placement formulation are power flow equality constraints, bus
oltage or voltage drop limits and line or transformer overloading. The other constraints considered in some optimal
G models are total harmonic voltage distortion limit, short circuit current or MVA capacity level limit and reliability
onstraints.
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2.1. Different types of DG
The technical issues related to DGs, however, may vary, significantly, with the rating of the DPSs. Therefore, it
would be appropriate to be introduced with the categories of DGs. The four broad categories of DGs on the basis of
RLP and RP delivered/absorbed to the systems are as follows (Gandomkar et al., 2005):
(i) DG-1 (termed as T1): this type of DG is capable of delivering only the RLP such as photovoltaic, micro turbines,
fuel cells, bio-gas, which are integrated to the main grid with the help of converters/inverters. However, according
to current situation and grid codes, the photovoltaic can be (and in sometimes is) require to provide the RP as well
so that only the RLP is supplied at unity operating power factor (PF).
(ii) DG-2 (termed as T2): this type of DG is capable of delivering both the RLP and the RP. DG units based on diesel
engines as diesel generators and synchronous machines (cogeneration, gas turbine etc.) come under this type of
DG. For it, both the RLP and the RP are supplied at different operating PFs (e.g. 0.80–0.99 leading).
iii) DG-3 (termed as T3): this type of DG is capable of delivering only the RP. Synchronous compensators, capacitor
bank, inductor bank, on line tap changing (OLTC) transformers, flexible alternating current transmission system
(FACTS) controllers and gas turbines are examples of this type of DG and operate at zero PF. So, only the RP is
supplied at zero operating PF for this type of DG.
(iv) DG-4 (termed as T4): this type of DG is capable of delivering the RLP but consumes the RP. Mainly, induction
generators which are used in wind farms come under this category. However, doubly fed induction generators
(DFIG) may consume or produce RP i.e. operates similar to synchronous generators. Here, only the RLP is
supplied and the RP is drawn from the system at different operating PFs (e.g. 0.80–0.99 lagging).
2.2. Types of static load models
To quantify the effect of different types of DGs (such as T1, T2, T3 and T4) on DGP for different load scenarios i.e.
summer day, summer night, winter day and winter night loads, an IEEE-37 bus distribution power system is adopted
in Singh et al. (2008, 2009), IEEE Task Force on Load Representation for Dynamic Performance (1993), Quial et al.
(2011), Hossein and Morteza (2012), Kumar and Mittapalli (2014) and Payasi et al. (2012a,b). In conventional load
flow analysis, the real and the reactive power loads are assumed as constant power load whereas, in practice, the loads
may be voltage dependent i.e. industrial, residential and commercial loads which may be represented by models as
described in Singh et al. (2008, 2009), IEEE Task Force on Load Representation for Dynamic Performance (1993),
Quial et al. (2011), Hossein and Morteza (2012), Kumar and Mittapalli (2014) and Payasi et al. (2012a,b). The voltage
dependent load model is a static load model that represents the power system relationship to voltage as an exponential
form and may be represented by Eqs. (1) and (2).
Pi bus =  P0i bus
( |Vi bus|
|V0i bus|
)alpha
(1)
Qi bus =  Q0i bus
( |Vi bus|
|V0i bus|
)βeta
(2)
where alpha and βeta are the real and the reactive power exponents of Pi bus and Qi bus by Eqs. (1) and (2), Pi bus,
Qi bus, P0i bus, Q0i bus, Vi bus and V0i busall are in per units. The above two equations neglect the frequency dependence
of distribution system load due to the fact that it is pan-system phenomenon which can not be controlled locally and
remains the same for the whole system. The exponent and multiplier values for DLMs are given in Tables 3 and 4,
respectively.
In practice, the load on each bus may be the composition of industrial, residential and commercial which may vary
with seasonal day and night. Therefore, the seasonal mixed load models at each bus are considered in Payasi et al.Please cite this article in press as: Singh, B., et al., GA-based multi-objective optimization for distributed generations planning
with DLMs in distribution power systems. J. Electr. Syst. Inform. Technol. (2016), http://dx.doi.org/10.1016/j.jesit.2016.10.012
(2012a) and are described by Eqs. (3) and (4).
Pi bus =  wins pi bus.P0i bus
( |Vi bus|
|V0i bus|
)alphains
+  wres pi bus.P0i bus
( |Vi bus|
|V0i bus|
)alphares
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Table 3
Exponent values for DLMs CON, INS, RES, COM and REF (Singh et al., 2008, 2009; IEEE Task Force on Load Representation for Dynamic
Performance, 1993; Quial et al., 2011; Hossein and Morteza, 2012; Kumar and Mittapalli, 2014; Payasi et al., 2012a,b).
Load models αlpha βeta
CON 0.00 0.00
INS 0.18 6.00
RES 0.92 4.04
COM 1.51 3.40
REF 0.91 1.00
Table 4
Multiplier values for DLMs like PLM, MLM and LLM (Singh et al., 2008, 2009; IEEE Task Force on Load Representation for Dynamic Performance,
1993; Quial et al., 2011; Hossein and Morteza, 2012; Kumar and Mittapalli, 2014; Payasi et al., 2012a,b).
Load models RLPM RPM
PLM 1.00 0.92
MLM 0.7 1.00
L
w
r
t
r
r
w
c
l
Q
d
w
R
2
i
a
wLM 0.7 × 0.8 0.94
+wcom pi bus.P0i bus
( |Vi bus|
|V0i bus|
)alphacom
(3)
Qi bus =  wins qi bus.Q0i bus
( |Vi bus|
|V0i bus|
)βetains
+  wres qi bus.Q0i bus
( |Vi bus|
|V0i bus|
)βetares
+wcom qi bus.Q0i bus
( |Vi bus|
|V0i bus|
)βetacom
(4)
here Vi bus is the bus voltage with DG; Voi bus is the nominal bus voltage without DG; alphains and βetains are the
eal and the reactive power exponents for industrial load model, respectively; alphares and βetares are the real and
he reactive power exponents for the residential load model, respectively; alphacom and βetacom are the real and the
eactive power exponents for the commercial load model, respectively; wins pi bus, wres pi bus and wcom pi bus are the
elevant factors for the real power for the industrial, residential and commercial load models at bus i, respectively;
ins qi bus, wres qi bus and wcom qi bus are the relevant factors for the reactive power for industrial, residential and
ommercial load models at bus i, respectively. Eqs. (5) and (6) must be satisfied for all the buses except buses without
oad (BWL) (Singh et al., 2008, 2009; IEEE Task Force on Load Representation for Dynamic Performance, 1993;
uial et al., 2011; Hossein and Morteza, 2012; Kumar and Mittapalli, 2014; Payasi et al., 2012a,b) for IEEE-37 bus
istribution test system.
wins pi bus +  wres pi bus +  wcom pi bus = 1 for  i  = 1 to  NB,  but  i /=  BWL (5)
wins qi bus +  wres qi bus +  wcom qi bus = 1 for  i  = 1 to  NB,  but  i /=  BWL (6)
The values for the exponents of voltage for real and reactive power component for summer day, summer night,
inter day and winter night load models are given in Table 5 (Singh et al., 2008, 2009; IEEE Task Force on Load
epresentation for Dynamic Performance, 1993; Quial et al., 2011; Hossein and Morteza, 2012; Kumar and Mittapalli,
014; Payasi et al., 2012a,b). In Table 5, SDM is summer day load model, SNM is summer night load model, WDM
s winter day load model and WNM is winter night load model. For example, the relevant factors of each load modelPlease cite this article in press as: Singh, B., et al., GA-based multi-objective optimization for distributed generations planning
with DLMs in distribution power systems. J. Electr. Syst. Inform. Technol. (2016), http://dx.doi.org/10.1016/j.jesit.2016.10.012
t each bus (hypothetically generated) are given in Table 6. In this study, it is assumed that wins pi bus =  wins qi bus,
res pi bus =  wres qi bus and wcom pi bus =  wcom qi bus.
Please cite this article in press as: Singh, B., et al., GA-based multi-objective optimization for distributed generations planning
with DLMs in distribution power systems. J. Electr. Syst. Inform. Technol. (2016), http://dx.doi.org/10.1016/j.jesit.2016.10.012
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Table 5
Exponent values for DLMs like summer day and night, winter day and night (Singh et al., 2008, 2009; IEEE Task Force on Load Representation
for Dynamic Performance, 1993; Quial et al., 2011; Hossein and Morteza, 2012; Kumar and Mittapalli, 2014; Payasi et al., 2012a,b).
Load duration Industrial Residential Commercial
alphains βetains alphares βetares alphacom βetacom
Summer SDM 0.18 6.00 0.72 2.96 1.25 3.50
SNM 0.18 6.00 0.92 4.04 0.99 3.95
Winter WDM 0.18 6.00 1.04 4.19 1.50 3.15
WNM 0.18 6.00 1.30 4.38 1.51 3.40
Table 6
Values of relevant factors of DLMs for different buses of IEEE-37 bus test system.
Bus no. wins pi bus(=wins qi bus) wres pi bus(=wres qi bus) wcom pi bus(=wcom qi bus)
1(GSP) 0.0000 0.0000 0.0000
2 0.2000 0.5000 0.3000
3 0.1500 0.6000 0.2500
4 0.2000 0.5000 0.3000
5 0.1100 0.3400 0.5500
6 0.1500 0.3000 0.5500
7 0.3000 0.5000 0.2000
8 0.3000 0.5000 0.2000
9 0.0800 0.1000 0.8200
10 0.0800 0.2000 0.7200
11 0.1200 0.2000 0.6800
12 0.2500 0.3000 0.4500
13 0.2000 0.3500 0.4500
14 0.1500 0.3500 0.5000
15 0.0500 0.3000 0.6500
16 0.0800 0.1000 0.8200
17 0.0800 0.2000 0.7200
18 0.3000 0.4000 0.3000
19 0.3000 0.4000 0.3000
20 0.3000 0.4000 0.3000
21 0.3000 0.4000 0.3000
22 0.3000 0.4000 0.3000
23 0.3500 0.4500 0.2000
24 0.2000 0.6500 0.1500
25 0.2000 0.6500 0.1500
26 0.1500 0.2000 0.6500
27 0.1000 0.2500 0.6500
28 0.1000 0.3000 0.6000
29 0.2500 0.3500 0.4000
30 0.5000 0.3500 0.1500
31 0.2000 0.3500 0.4500
32 0.3000 0.5500 0.1500
33 0.2000 0.3500 0.4500
34 0.0000 0.0000 0.0000
35 0.0000 0.0000 0.0000
36 0.0000 0.0000 0.0000
37 0.0000 0.0000 0.0000
38 0.0000 0.0000 0.0000
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.3. Impact of DG on distribution power system and its impact indices
The mathematical modellings of DG and distribution power system performance indices are explained in this
ub-section.
.3.1. Mathematical modelling of DG
This objective function is the minimization of the total real power loss (PLoss) of the system. The expression for
Loss in the system is represented by Eq. (7).
PLoss =
∑
i,j ∈ NL
Pij bus
2 +  Qij bus2
|Vi bus|2
rij bus (7)
he PLoss is a function of all system bus voltage (Vi bus), line resistances (ri,j bus), Pij-bus and Qij-bus. The total loss,
ainly, depends on the voltage profile.
Apparent power intake at main substation is expressed in Eq. (8).
Sint ake =
[(
Pintake
2
)
+
(
Qintake
2
)]1/2
(8)
here Pint ake is the real power intake at main substation without DG, Qintake is the reactive power intake at main
ubstation without DG.
Apparent power requirement for distribution power system with DG is expressed by Eq. (9).
Ssystem =
[
(Pintake +  PDG)2 + (Qintake ±  QDG)2
]1/2
(9)
here PDG and QDG are the real and reactive power supported by DG.
It is observed that Eqs. (10) and (11) hold good for the distribution power system.
NB∑
i=1
P0( |  Vi bus| )alpha >  PLoss (10)
NB∑
i=1
Q0( |  Vi bus| )βeta >  QLoss (11)
Thus, the value of Pintake and Qintake are decided, mainly, by the load exponents i.e. alpha and βeta. The above
bjectives are subjected to follow the set of power flow, line limit constraint, voltage limit and voltage step limit.
he real and reactive power flows are defined as in Eqs. (12)–(15). Where as Eqs. (16)–(18) discrete the constraints
nvolved.
Pi bus =
NB∑
j=1
|V
i bus
||V
j bus
|[Gij bus cos(δi bus −  δj bus) +  Bij bus sin(δi bus −  δj bus)] for  i bus  = 1 to NB
(12)
Qi bus =
NB∑
j=1
|V
i bus
||V
j bus
|[Gij bus sin(δi bus −  δj bus) +  Bij bus cos(δi bus −  δj bus)] for  i bus  = 1 to NB
(13)
Pi,j bus =  |Vi bus |2Gij bus −  |Vi bus ||Vj bus |[Gij bus cos θij bus −  Bij bus sin θij bus] for  i,  j  bus  ∈  NL
(14)Please cite this article in press as: Singh, B., et al., GA-based multi-objective optimization for distributed generations planning
with DLMs in distribution power systems. J. Electr. Syst. Inform. Technol. (2016), http://dx.doi.org/10.1016/j.jesit.2016.10.012
Qi,j bus =  |Vi bus |2Bij bus −  |Vi bus ||Vj bus |[Gij bus sin θij bus +  Bij bus cos θij bus] for  i,  j  bus  ∈  NL
(15)
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Vmin ≤  |Vi bus| ≤  Vmax for  i bus  = 1 to NB (16)
Sij bus ≤ CSmaxij bus for  i,  j  bus  ∈  NL (17)
Vstep i bus ≤  Vmaxstep for  i bus  = 1 to NB (18)
2.3.2. Distribution power system performance indices
Various distribution power system performance indices for impact assessment of DGs in DPSs are defined as follows
(Singh et al., 2008, 2009; IEEE Task Force on Load Representation for Dynamic Performance, 1993; Quial et al., 2011;
Hossein and Morteza, 2012; Kumar and Mittapalli, 2014; Payasi et al., 2012a,b).
(i) Real power loss index (PLI): the real power loss index is defined by Eq. (19).
PLI  = |PLoss DG||PLoss| × 100 (19)
where PLoss DG is the real power loss with DG and PLoss is the real power loss without DG. The lower value of this
index indicates better benefit in terms of real power loss reduction occurred due to DG location and size.
(ii) Reactive power loss index (QLI): the reactive power loss index is defined as in Eq. (20).
QLI  = |QLoss DG||QLoss| × 100 (20)
where QLoss DG is the reactive power loss with DG and QLoss is the reactive power loss without DG. The lower value
of this index indicates better benefits in terms of reactive power loss reduction occurred to DG location and size.
(iii) Voltage deviation index (VDI): It is related to the maximum voltage drop between each node and root node. The
VDI can be defined as in Eq. (21).
VDI = max
( |V1|  −  |Vi bus DG|
|V1|
)
× 100 for  i bus  = 2 to NB (21)
where V1 is the slack bus voltage and Vi bus DG is the voltage at the ith bus with DG. The lower value of this index
indicates better performance of the power system.
(iv) Short circuit current or MVA line capacity index (SCCI): the power flows may diminish in some sections of the
network. This index provides important information about the level of power flows/currents through the network
regarding maximum capacity of distribution lines.
SCCI = max
( |Sij bus DG|
|CSij bus|
)
× 100 for  ij  bus  set  = 1 to NL (22)
where CSij bus is the MVA line capacity without DG and Sij bus DG is the MVA line capacity with DG. Lower value
of this index indicates more capacity available. Index values more then 100% indicate line is overloaded. This index
is defined by Eq. (22).
(v) Environmental impact reduction index (EIRI): another potential benefit of DG is the production of energy with
minimal GHG emissions and other pollutants as compared to conventional technologies. Concerns about green-Please cite this article in press as: Singh, B., et al., GA-based multi-objective optimization for distributed generations planning
with DLMs in distribution power systems. J. Electr. Syst. Inform. Technol. (2016), http://dx.doi.org/10.1016/j.jesit.2016.10.012
house gases effect are growing rapidly in the public’s view. Greenhouse effect is a result of rising carbon dioxide
and other GHG emissions. It is believed that greenhouse gases effect will lead to global warming and world-wide
climate would change. Introduction of DG will result in a reduction of capacity needs for conventional plants
due to the two reasons viz. (a) the pear power generated by DG units will directly reduce the output requirements
ARTICLE IN PRESS+ModelJESIT-131; No. of Pages 33
B. Singh et al. / Journal of Electrical Systems and Information Technology xxx (2016) xxx–xxx 11
Table 7
Important pollutant emission of main substation (Chiradeja and Ramakumar, 2014).
Pollutant emission of GHG level CO2 (kg/MWh) SO2 (kg/MWh) NOx (kg/MWh) Particulate matters
Main sub-stations 970 0.6396 0.3129 0.1270
Table 8
Important pollutants emission of different type of DGs (Chiradeja and Ramakumar, 2014).
Type of DG CO2 (kg/MWh) SO2 (kg/MWh) NOx (kg/MWh) Particulate matters
T1 490 0.0004536 0.004536 0.000000
T2 825 0.181400 5.21630 0.84820
T
T
w
a
w
w
p
p
t
a
p
p
s
w
n
T3 75 0.0001568 0.001568 0.00000
4 202 0.0027220 0.004536 0.00000
and (b) the resulting line-loss reduction will further decrease the output needed from the conventional plants. The
basic idea behind the concept of EIRI is to compare the emission of a particular pollutant with and without the
employment of DGs. This is defined by Eq. (23) (Chiradeja and Ramakumar, 2014).
EIR  Indexrp pollutant = |PEp WDG||PEp WODG| × 100 (23)
here PEp WDG and PEp WODG are the amount of emissions with and without DG, respectively, for the pth pollutant
nd these are defined as in Eqs. (24) and (25).
PEp DG =
NG∑
q=1
(EG)Aq(AE)pq +
NDG∑
r=1
(EDG)r(AE)pr (24)
PEp WODG =
NG∑
q=1
(EG)q(AE)pq (25)
here (EG)Aq and (EG)q are the amount of electrical energy generated by the qth conventional power plant with and
ithout the employment of DG, respectively;(AE)pq is the amount of emission of pth pollutant for qth conventional
lant per MWh of energy generated; (AE)pr is the amount of emission of pth pollutant for the rth DG power plant
er MWh of energy generated; (EDG)r is the amount of energy generated by the rth DG plant (MWh); NG is the
otal number of conventional generators in the system and NDG is the total number of DG plants in the system. Once
gain, the loads supplied at different buses are assumed to be the same for both with and without DG. In reality, power
lants emit many pollutants into the atmosphere. Thus, it is useful to define a composite index to include all the major
ollutants. This index can be formulated as in Eq. (26).
EIRI  = 1 −
NP∑
p=1
(EI)p.
(
EIR  Indexrp pollutant
)
(26)
ubjected to following constraints defined in Eqs. (27) and (28).
0 ≤ (EI)p ≤ 1 (27)
NP∑
p=1
(EI)p = 1 (28)Please cite this article in press as: Singh, B., et al., GA-based multi-objective optimization for distributed generations planning
with DLMs in distribution power systems. J. Electr. Syst. Inform. Technol. (2016), http://dx.doi.org/10.1016/j.jesit.2016.10.012
here (EI)p is the weighting factor for the pth pollutant, r is the total number of DG employed and NP is the total
umber of pollutants of interest. The important pollutant emission of conventional generators and DGs are given in
ables 7 and 8, respectively.
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Table 9
Values of weight factors of power system performance indices on priority basis.
Weight factors for power system performance indices Values as per priority basis
λ1 0.40
λ2 0.30
λ3 0.10
λ4 0.10
λ5 0.10
2.4. Multi-objective based function
Taking PLI, QLI, VDI, SSCI and EIRI into consideration, the multi-objective based function of this kind of problem
is given by Eqs. (29) and (30).
OF  =  λ1(PLI) +  λ2(QLI) +  λ3(VDI) +  λ4(SCCI) + λ5(EIRI) (29)
where
5∑
p=1
λp = 1 ∧  λp ∈ (0 1) (30)
The values of λp is based on their importance in distribution power systems. The values of λp are high values when
importance of that distribution power system parameter is of main priority as compared to the others distribution power
system performance parameters. The above objective function is optimized by artificial computational intelligence
techniques such as GA. The values of the weight factors of distribution power system performance indices, on priority
basis, are given in Table 9.
3. Genetic algorithms
GA is one of the most popular types of evolutionary algorithms. To be more precise, it constitutes a computing
model for simulating natural and genetic selection that is related to the biological evolution described in Darwin’s
theory (Holland, 1975a,b). In this computing model, a population of abstract representations (called as chromosomes)
or the genome of candidate solutions (called as individuals to an optimization problem) could result in better solutions
which are, traditionally, represented in binary form as strings comprises of 0 s and 1 s with fixed length. But other kinds
of encoding are also possible which include real values and order chromosomes. The program then assigns proper
number of bits and coding in (Khajehzadeh et al., 2011). Being a member of the evolutionary computation family,
the first step in GA is population initialization which is, usually, done stochastically. Usually, GA uses three simple
operators called as selection, recombination or crossover and mutation (Khajehzadeh et al., 2011). The flowchart of
GA is presented in Fig. 2. The multi-objective ODGP by GA is introduced in (Singh et al., 2015; Sanchez et al., 2015;
Kousksou et al., 2015; Mallol et al., 2015).
3.1. A brief overview of GA
GA (Khajehzadeh et al., 2011; Singh et al., 2015) is a search technique used to find true or approximate solutions to
optimization and search problems. GA is an adaptive heuristic search algorithm premised on the evolutionary ideas of
natural selection and genetic. The basic concept of GA is designed to simulate processes in natural system necessary
for evolution, specifically those follow the principles first laid down by Charles Darwin (survival of the fittest). GA
is one of the most popular types of evolutionary algorithms. To be more precise, it constitutes a computing model
for simulating natural and genetic selection that is related to the biological evolution described in Darwin’s theoryPlease cite this article in press as: Singh, B., et al., GA-based multi-objective optimization for distributed generations planning
with DLMs in distribution power systems. J. Electr. Syst. Inform. Technol. (2016), http://dx.doi.org/10.1016/j.jesit.2016.10.012
(Holland, 1975a,b). In this computing model, a population of abstract representations (called as chromosomes) or the
genome of the candidate solutions (called as individuals to an optimization problem) could result in better solutions
which are, traditionally, represented in binary form as strings comprises of 0 s and 1 s with fixed length. But other kinds
of encoding are also possible which include real values and order chromosomes. The program then assigns proper
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ig. 2. Flowchart for proposed methodology such as GA for impact assessment of optimally placed different types of DGs with DLMs in DPSs
rom minimum total real power loss of the system viewpoint.
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number of bits and coding (Khajehzadeh et al., 2011). Being a member of the evolutionary computation family, the first
step in GA is population initialization which is, usually, done stochastically. Usually, GA uses three simple operators
called as selection, recombination or crossover and mutation (Khajehzadeh et al., 2011). The multi-objective ODGP
using GA is introduced in Khajehzadeh et al. (2011), Singh et al. (2015), Sanchez et al. (2015), Kousksou et al. (2015),
Mallol et al. (2015), Valipour (2015a,c) and Khoshravesh et al. (2015).
Reasons for using GA for different types of DGs planning are as follows (Holland, 1975a,b; Khajehzadeh et al.,
2011):
(a) It is better than conventional artificial intelligence (AI) techniques.
(b) It is more robust.
(c) Unlike older AI techniques, the GA does not beak easily even if the inputs changes slightly, or in the presence of
reasonable noise.
(d) While performing search in large state-space, or multi-modal state-space, or n-dimensional surface, GA offeres
significant benefits over other typical search optimization techniques like linear programming, heuristic, depth
first, breath-first.
The applications of GA in machine learning, mechanical engineering, electrical engineering, civil engineering, data
mining, chemical engineering and image processing are dealt to make the authors understand where the concept can
be applied.
3.2. Basic GA operators
Usually, GA uses three simple operators called as selection, recombination or crossover and mutation as discussed
in Khoshravesh et al. (2015). Taken together, selection, crossover and mutation are called reproduction, which is
analogous to biological crossover and mutations as discussed in Mallol et al. (2015). These operations are discussed
in detail as follows:
(a) Selection: reproduction involves selection of chromosomes for the next generation. In the most general case,
the fitness of an individual determines the probability of its survival for the next generation. There are different
selection procedures in GA depending on how the fitness values are used. After initialization the value of the
objective function is calculated. Corresponding to the value of objective function, the next operation selection is
done. The selection process such as deterministic selection, roulette wheel selection, stochastic selection without
replacement, remainder stochastic sampling with replacement and stochastic sampling with replacement are used
in the system. Out of this selection processes, the roulette selection process is considered in this paper since it
gives fitness values for each individual values and that is the most important advantage. And with that, the optimal
evaluation in distribution system is done.
b) Crossover: the crossover operator is the most important operator of GA. In crossover, generally two chromosomes
(called as parents) are combined together to form new chromosomes (called as offspring). The parents are selected
from the existing chromosomes in the population with reference towards fitness so that offspring is expected to
inherit good genes which make the parents fitter. By iteratively applying the crossover operator, genes of good
chromosomes are expected to appear more frequently in the population, eventually leading to convergence to an
overall good solution. Crossover probability is taken here as 0.95.
(c) Mutation: the mutation operator introduces random changes in characteristics of chromosomes. Mutation is gen-Please cite this article in press as: Singh, B., et al., GA-based multi-objective optimization for distributed generations planning
with DLMs in distribution power systems. J. Electr. Syst. Inform. Technol. (2016), http://dx.doi.org/10.1016/j.jesit.2016.10.012
erally applied at the gene level. In typical GA implementations, the mutation rate is very small, typically less than
10%. However, the mutation plays a critical role in GA. As discussed earlier, crossover leads the population to
converge by making the chromosomes in the population alike. Mutation reintroduces genetic diversity back into
the population and assists the search escape from local optima. Mutation probability has taken as 0.15.
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.3. GA implementation
In this paper, GA optimization technique, as developed in the previous work of Holland (1975a,b), Khajehzadeh
t al. (2011), Singh et al. (2015), Sanchez et al. (2015), Kousksou et al. (2015) and Mallol et al. (2015), has been used
or finding the best solutions of the MOPIF optimization algorithm.
The first important aspect of correct GA implementation is the examination of potential solution. If the network
tructure is fixed, all the branches between buses are known and the evaluation of the objective functions depends only
n the size and placement of different types of DGs. For this reason, each solution is examined for proper placement
nd the corresponding size of different types of DG units.
The GA starts by randomly generating an initial population of the possible solutions. For each solution, a size
f DG and a placement (bus) is generated by the planner with economic and technical justifications. A number of
ize-placement pairs are randomly chosen until the total power loss of the system is optimal (or near optimal) for the
G penetration level. At this point, objective function is evaluated for verifying all the technical constraints. If any
ne of them is violating, then such solution is rejected.
Once the population cycle is initialized, the genetic operators are repeatedly applied in order to produce new solutions.
y applying crossover and mutation operators, new population is generated. If one of the technical constraints is violated
r the DG size and/or placement exceed the limit, the new solution is rejected.
Finally, according to the GA theory, the new population is formed comparing old and new solutions and choosing
he best among them. The algorithm stops when the maximum number of generations is reached or difference between
he objective function value of the best and worst individuals becomes smaller than the specified value.
The various steps for algorithms of GA for the optimal placement of different types of DG (such as DG-1, DG-2,
G-3 and DG-4) with DLMs in DPSs from minimum total real power loss of the system viewpoint are as follows:
Step 1 [Read the data]: read the IEEE-37 bus distribution system data, different load models data (i.e. LLM-
LM-PLM, CON-INS-RES-COM-REF and CON-SDM-SNM-WDM-WNM) and different types of DG data (i.e.
G-1, DG-2, DG-3 and DG-4).
Step 2 [Run load flow for base case (initial fitness solution)]: run load flow for base case (initial solution fitness)
nd calculate the DPS performance indices such as PLI, QLI, VDI, SCCI, and EIRI for base case. Registry the base
ase (initial fitness solution) characteristic.
Step 3 [Binary coding]: binary coding of the IEEE-37 bus distribution system data, different load models data (select
ne load model at a time i.e. LLM-MLM-PLM, CON-INS-RES-COM-REF and CON-SDM-SNM-WDM-WNM) and
ifferent types of DG data (select one DG at a time i.e. DG-1, DG-2, DG-3 and DG-4, respectively).
Step 4 [Initialization]: create the initial population and fitness function value: Generate the random population of
chromosomes (suitable solutions for the problem):randomly generate size-placement pairs of different types of DG
i.e. select one DG at a time DG-1, DG-2, DG-3 and DG-4) with DLMs (i.e. select one load model at a time i.e. LLM-
LM-PLM, CON-INS-RES-COM-REF and CON-SDM-SNM-WDM-WNM) in a predefined range of size-placement
f different types of DG.
Step 5 [Fitness function value]: evaluate the fitness function value [f(x)] of each size-placement of different types
f DG (chromosome) x in the population: run load flow and calculate DPS performance indices such as PLI, QLI, VDI,
CCI and EIRI for each size-placement pairs under uniform loading condition. Record the DPS performance indices
nd its corresponding size-placement pairs.
Step 6 [New population]: create a new population by repeating the following steps until the new population is
omplete:
i [Selection]: select two parent chromosomes from a population according to their fitness (better the fitness, bigger
is the chance to be selected).
ii [Crossover]: with a crossover probability, the parents crossover to form a new offspring (children). If no crossover
is performed, offspring would be an exact copy of parents.Please cite this article in press as: Singh, B., et al., GA-based multi-objective optimization for distributed generations planning
with DLMs in distribution power systems. J. Electr. Syst. Inform. Technol. (2016), http://dx.doi.org/10.1016/j.jesit.2016.10.012
ii [Mutation]: with a mutation probability method, new offspring mutates (children) at each locus (position in
chromosome).
v [Accepting]: place new offspring in a new population. It satisfies the constraints such as power flow conservation
limits, distribution line thermal capacity limit and voltage deviation limit? Otherwise go to Step 6.
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Step 7 [Replacement]: use new generated population for a further run of algorithm. Run load flow and calculate
the new fitness solution for each size-placement pairs of different types of DG (chromosome). Also calculate the
corresponding DPS performance indices such as PLI, QLI, VDI, SCCI and EIRI. Compare new fitness solution with
base case (initial fitness solution) characteristic
Step 8 [Test]: if one of the stopping criteria is satisfied then stop, and retain the best solution in the current population.
Step 9 [Loop]: use the new generated population size i.e. offspring and parents as new generation. It satisfies the
MOPIF is minimized? Otherwise, set generation Gen = Gen + 1. Go to Step 6.
The flowchart for proposed methodology such as GA for the impact assessment of optimally placed different types
of DGs with DLMs in DPSs from minimum total real power loss of the system viewpoint is given in Fig. 2.
4. Results and discussions
The effectiveness of the proposed methodology is tested on the IEEE-37 bus distribution test system. The single-line
diagram of this network is shown in Fig. 3. The values of system and load data for the IEEE-37 bus distribution test sys-
tem are given in Table 10. The multi-objective index-based analysis is carried out on IEEE 37-bus test system. The data
used in the studies correspond to a hypothetical 12.66 kV, 37-bus system (Valipour, 2015a). The total substation loads
for the base configuration are 5084.26 kW and 2547.32 kVAr (Valipour, 2015c). The system is not well-compensated
and lossy (the total loss is about 8% of the total load). The lossy system is selected because the loss reduction is
expected to be appreciable. For the above mentioned test systems, the base values used are 100 MVA and 23 kV. The
exhaustive power flow solution for the IEEE 37-bus distribution systems are obtained in the following fashion.
First of all, a DG size is considered of a practical range (0–0.63 p.u.). The DG of 0.0 p.u. corresponds to system
without DG whereas 0.63 p.u. corresponds to a case of maximum possible value of DG planned. It is considered that
the DG is operated at unity power factor (p.f.) (Khoshravesh et al., 2015). The two reasons for this assumption are as
follows:
(a) It is normally considered that maximum benefit can be extracted when DGs are operated on unity p.f. because the
cost of real power is higher. Use at unity p.f. also leads to maximum capacity utilization. This may depend on thePlease cite this article in press as: Singh, B., et al., GA-based multi-objective optimization for distributed generations planning
with DLMs in distribution power systems. J. Electr. Syst. Inform. Technol. (2016), http://dx.doi.org/10.1016/j.jesit.2016.10.012
utility decision as well.
(b) The cases studied in the paper remain simple and focused to the effect of voltage dependence of loads. However,
the methodology adopted in the paper is not constrained by model of the DG and is general.
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Table 10
System and load data for IEEE-37 bus distribution test system (Singh et al., 2008, 2009; IEEE Task Force on Load Representation for Dynamic
Performance, 1993; Quial et al., 2011; Hossein and Morteza, 2012; Kumar and Mittapalli, 2014; Payasi et al., 2012a,b).
F* T* Line impedance (p.u.) Load on to node (p.u.)
Rp.u. Xp.u. L* SL* PL* QL* LT *
1 2 0.000574 0.000293 1 4.6 0.1 0.06 R*
2 3 0.00307 0.001564 6 4.1 0.09 0.04 I*
3 4 0.002279 0.001161 11 2.9 0.12 0.08 C*
4 5 0.002373 0.001209 12 2.9 0.06 0.03 R*
5 6 0.0051 0.004402 13 2.9 0.06 0.02 I*
6 7 0.001166 0.003853 22 1.5 0.2 0.1 C*
7 8 0.00443 0.001464 23 1.05 0.2 0.1 C*
8 9 0.006413 0.004608 25 1.05 0.06 0.02 I*
9 10 0.006501 0.004608 27 1.05 0.06 0.02 C*
10 11 0.001224 0.000405 28 1.05 0.045 0.03 C*
11 12 0.002331 0.000771 29 1.05 0.06 0.035 R*
12 13 0.009141 0.007192 31 0.5 0.06 0.035 C*
13 14 0.003372 0.004439 32 0.45 0.12 0.08 R*
14 15 0.00368 0.003275 33 0.3 0.06 0.01 C*
15 16 0.004647 0.003394 34 0.25 0.06 0.02 I*
16 17 0.008026 0.010716 35 0.25 0.06 0.02 C*
17 18 0.004558 0.003574 36 0.1 0.09 0.04 I*
2 19 0.001021 0.000974 2 0.5 0.09 0.04 R*
19 20 0.009366 0.00844 3 0.5 0.09 0.04 C*
20 21 0.00255 0.002979 4 0.21 0.09 0.04 I*
21 22 0.004414 0.005836 5 0.11 0.09 0.04 R*
3 23 0.002809 0.00192 7 1.05 0.09 0.04 C*
23 24 0.005592 0.004415 8 1.05 0.42 0.2 C*
24 25 0.005579 0.004366 9 0.5 0.42 0.2 C*
6 26 0.001264 0.000644 14 1.5 0.06 0.025 C*
26 27 0.00177 0.000901 15 1.5 0.06 0.025 I*
27 28 0.006594 0.005814 16 1.5 0.06 0.02 C*
28 29 0.005007 0.004362 17 1.5 0.12 0.07 C*
29 30 0.00316 0.00161 18 1.5 0.2 0.6 C*
30 31 0.006067 0.005996 19 0.5 0.15 0.07 R*
31 32 0.001933 0.002253 20 0.5 0.21 0.1 R*
32 33 0.002123 0.003301 21 0.1 0.06 0.04 C*
8 34 0.012453 0.012453 24 0.5 0 0 NA*
9 35 0.012453 0.012453 26 0.5 0 0 NA*
12 36 0.012453 0.012453 30 0.5 0 0 NA*
18 37 0.003113 0.003113 37 0.5 0 0 NA*
25 38 0.00313 0.003113 10 0.1 0 0 NA*
F* means from node, T* means to node, L* means line number, S * means line MVA limit in p.u., P * means real load in p.u., Q * means reactive
l
d
l
s
(
(
l
l
C
oL L L
oad in p.u., LT * means load type, R* means residential, I* means industrial, C* means commercial and NA* means not applicable.
First bus is considered as feeder of electric power from generation/transmission network. Remaining buses of the
istribution system are considered for the placement of a DG of given size from the range considered. Real and reactive
oads are modelled as voltage dependent. The values of system and load data for the IEEE 37-bus distribution test
ystem are given in Table 10.
The plannings of different types of DGs (such as T1, T2, T3 and T4) with DLMs such as (a) peak load model
PLM), medium load model (MLM), low load model (LLM), load model (termed as PLM-MLM-LLM load model),
b) constant load model (CON), industrial load model (INS), RES, commercial load model (COM) and reference
oad model (REF) (termed as INS-RES-COM-REF load model) and (c) constant load model (CON), summer dayPlease cite this article in press as: Singh, B., et al., GA-based multi-objective optimization for distributed generations planning
with DLMs in distribution power systems. J. Electr. Syst. Inform. Technol. (2016), http://dx.doi.org/10.1016/j.jesit.2016.10.012
oad (SDM), summer night load (SNM), winter day load (WDM), winter night load (WNM) load models (termed as
ON-SDM-SNM-WDM-WNM load models) are made by employing GA form minimization of total real power loss
f the system viewpoint and the obtained results are presented in the next three sub sections, sequentially.
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4.1. PLM-MLM-LLM load models
The planning of different types of DGs such as T1, T2, T3 and T4 with PLM-MLM-LLM load models is carried out
by GA and the obtained results are presented in Table 11.
Table 11 shows variations of Pintake (p.u.), Qintake (p.u.), Sintake (p.u.), System (p.u.), PLmin (p.u.), QLmin (p.u.) PLI,
QLI, VDI, SCCI and EIRI when employing without DG, with T1 type DG (operating at 1.00 power factor), with T2
type DG (operating at 0.80 leading power factor), with T3 type DG (operating at 0.00 power factor), with T4 type DG
(operating at 0.99 lagging power factor) with different load models such as PLM-MLM-LLM. From Table 11 it is
clear that Pintake (p.u.), Qintake (p.u.), Sintake (p.u.), System (p.u.), PLmin (p.u.), QLmin (p.u.) PLI, QLI, VDI, SCCI and
EIRI is such higher without DG, whereas it is lowest when T2 type DG working at 0.80 leading power factor. From
Table 11 it is also clear that VP (p.u.) is lowest without DG, whereas it is higher when T2 type DG working at 0.80
leading power factor.
From Figs. 4–6, it is inferred that the distribution power system performance parameters and indices such as Pintake,
Qintake, Sintake, Ssystem, PLmin, QLmin, PLI, QLI, VDI, SCCI, EIRI and VP from the minimum total real power loss of the
system viewpoint and their respective DGs with DLMs such as PLM-MLM-LLM load models are {T2, T3},1 T1, T2, T2,
{T1, T2}, {T1, T2}, {T1,T2}, {T1, T2}, {T1, T2}, {T1, T2},{T1, T2}, {T1, T2}. The overall more effective type of
DGs with PLM-MLM-LLM load models from performance viewpoints are {T1, T2}. The {T3, T4} are less effective
type of DGs with DLMs such as PLM-MLM-LLM load models from minimum total real power loss loss of the system
performance viewpoint. Thus, the performance order, for this case, is as follows: T2 >  T1 >  T4 >  T3.
Fig. 4(a) shows variation of Pintake (p.u.) when employing without DG, with T1 type DG (operating at 1.00 power
factor), with T2 type DG (operating at 0.80 leading power factor), with T3 type DG (operating at 0.00 power factor),
with T4 type DG (operating at 0.99 lagging power factor) with different load models such as PLM-MLM-LLM. From
the graph it is clear that Pintake (p.u.) is such higher without DG, whereas it is lowest when T2 type DG working at
0.80 leading power factor.
Fig. 4(b) shows variation of Qintake (p.u.) when employing without DG, with T1 type DG (operating at 1.00 power
factor), with T2 type DG (operating at 0.80 leading power factor), with T3 type DG (operating at 0.00 power factor),
with T4 type DG (operating at 0.99 lagging power factor) with different load models such as PLM-MLM-LLM. From
the graph it is clear that Qintake (p.u.) is such higher without DG, whereas it is lowest when T2 type DG working atPlease cite this article in press as: Singh, B., et al., GA-based multi-objective optimization for distributed generations planning
with DLMs in distribution power systems. J. Electr. Syst. Inform. Technol. (2016), http://dx.doi.org/10.1016/j.jesit.2016.10.012
0.80 leading power factor.
Fig. 4(c) shows variation of Sintake (p.u.) when employing without DG, with T1 type DG (operating at 1.00 power
factor), with T2 type DG (operating at 0.80 leading power factor), with T3 type DG (operating at 0.00 power factor),
1 In this paper, {T2, T3} means T2 and T3 and so on.
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Table 11
GA optimized DG planning with different DLMs such as PLM, MLM and LLM from total minimum real power loss of the system viewpoint.
DLMs WODG/WDG PDG QDG PFDG LOCDG Pintake Qintake Sintake Ssystem PLmin QLmin PLI QLI VDI SCCI EIRI Vmin Vmax
PLM WODG NA* NA* NA* NA* 2.4259 3.9039 4.5963 4.5963 0.1889 0.1259 100.00 100.00 8.13 99.64 1.00 0.9462 1.03
WDG-T1-1.00 2.0398 0.0000 1.00 6 2.3716 1.7762 2.9631 4.4929 0.1009 0.0718 53.45 56.97 5.29 99.29 0.5981 0.9754 1.03
WDG-T2-0.80 lead 1.3658 1.0244 0.80 6 1.3352 2.4315 2.7739 4.4707 0.0823 0.0596 43.58 47.29 5.29 99.29 0.9676 0.9754 1.03
WDG-T3-0.00 0.0000 1.2176 0.00 30 1.1723 3.8492 4.0238 4.5308 0.1342 0.0899 71.05 71.44 6.99 99.31 0.4833 0.9579 1.03
WDG-T4-0.99 lag 1.8636 −0.2655 0.99 6 2.6475 1.9686 3.2992 4.5122 0.1173 0.0819 62.12 65.06 5.77 99.30 0.7489 0.9705 1.03
MLM WODG NA* NA* NA* NA* 2.1673 3.8709 4.4363 4.4363 0.1661 0.1104 100.00 100.00 7.59 99.56 1.00 0.9517 1.03
WDG-T1-1.00 1.7667 0.0000 1.00 6 2.3253 2.0454 3.0969 4.4653 0.0973 0.0686 58.57 62.13 5.45 100.004 0.5157 0.9739 1.03
WDG-T2-0.80 lead 1.2648 0.9486 0.80 6 1.3787 2.5324 2.8834 4.4537 0.0819 0.0588 49.33 53.23 5.30 100.004 0.8643 0.9753 1.03
WDG-T3-0.00 0.0000 0.8663 0.00 30 1.3893 3.8426 4.0862 4.4557 0.1332 0.0888 80.24 80.48 6.93 99.75 0.6410 0.9585 1.03
WDG-T4-0.99 lag 1.5651 −0.2230 0.99 6 2.5164 2.2575 3.3807 4.4579 0.1098 0.0762 66.16 69.11 5.86 100.002 0.6887 0.9696 1.03
LLM WODG NA* NA* NA* NA* 2.2375 3.8304 4.4360 4.4360 0.1664 0.1106 100.00 100.00 7.58 99.63 1.00 0.9518 1.03
WDG-T1-1.00 1.2557 0.0000 1.00 6 2.3023 2.5536 3.4382 4.4509 0.1094 0.0757 65.77 68.53 6.05 100.003 0.6879 0.9676 1.03
WDG-T2-0.80 lead 1.0045 0.7534 0.80 27 1.5695 2.7948 3.2054 4.4532 0.0902 0.0642 54.22 58.10 5.77 100.004 0.9142 0.9705 1.03
WDG-T3-0.00 0.0000 0.7077 0.00 30 1.5731 3.8171 4.1285 4.4466 0.1340 0.0890 80.57 80.56 7.03 99.81 0.7031 0.9575 1.03
WDG-T4-0.99 lag 1.2431 −0.1771 0.99 7 2.4723 2.5702 3.5663 4.4508 0.1162 0.077 69.85 69.71 6.13 100.003 0.7795 0.9668 1.03
NA* means not applicable.
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Fig. 5. Pertaining to different types of DGs with DLMs such as PLM, MLM and LLM, profiles of (a) PLmin (b) QLmin (c) PLI and (d) QLI.Fig. 6. Pertaining to different types of DGs with DLMs such as PLM, MLM and LLM, profiles of (a) VDI (b) SCCI (c) EIRI and (d) VP.
with T4 type DG (operating at 0.99 lagging power factor) with different load models such as PLM-MLM-LLM. From
the graph it is clear that Sintake (p.u.) is such higher without DG, whereas it is lowest when T2 type DG working at 0.80
leading power factor.Please cite this article in press as: Singh, B., et al., GA-based multi-objective optimization for distributed generations planning
with DLMs in distribution power systems. J. Electr. Syst. Inform. Technol. (2016), http://dx.doi.org/10.1016/j.jesit.2016.10.012
Fig. 4(d) shows variation of System (p.u.) when employing without DG, with T1 type DG (operating at 1.00 power
factor), with T2 type DG (operating at 0.80 leading power factor), with T3 type DG (operating at 0.00 power factor),
with T4 type DG (operating at 0.99 lagging power factor) with different load models such as PLM-MLM-LLM. From
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he graph it is clear that System (p.u.) is such higher without DG, whereas it is lowest when T2 type DG working at
.80 leading power factor.
Fig. 5(a) shows variation of PLmin (p.u.) when employing without DG, with T1 type DG (operating at 1.00 power
actor), with T2 type DG (operating at 0.80 leading power factor), with T3 type DG (operating at 0.00 power factor),
ith T4 type DG (operating at 0.99 lagging power factor) with different load models such as PLM-MLM-LLM. From
he graph it is clear that PLmin (p.u.) is such higher without DG, whereas it is lowest when T2 type DG working at 0.80
eading power factor.
Fig. 5(b) shows variation of QLmin (p.u.) when employing without DG, with T1 type DG (operating at 1.00 power
actor), with T2 type DG (operating at 0.80 leading power factor), with T3 type DG (operating at 0.00 power factor),
ith T4 type DG (operating at 0.99 lagging power factor) with different load models such as PLM-MLM-LLM. From
he graph it is clear that QLmin (p.u.) is such higher without DG, whereas it is lowest when T2 type DG working at
.80 leading power factor.
Fig. 5(c) shows variation of PLI when employing without DG, with T1 type DG (operating at 1.00 power factor),
ith T2 type DG (operating at 0.80 leading power factor), with T3 type DG (operating at 0.00 power factor), with
4 type DG (operating at 0.99 lagging power factor) with different load models such as PLM-MLM-LLM. From the
raph it is clear that PLI is such higher without DG, whereas it is lowest when T2 type DG working at 0.80 leading
ower factor.
Fig. 5(d) shows variation of QLI when employing without DG, with T1 type DG (operating at 1.00 power factor),
ith T2 type DG (operating at 0.80 leading power factor), with T3 type DG (operating at 0.00 power factor), with
4 type DG (operating at 0.99 lagging power factor) with different load models such as PLM-MLM-LLM. From the
raph it is clear that QLI is such higher without DG, whereas it is lowest when T2 type DG working at 0.80 leading
ower factor.
Fig. 6(a) shows variation of VDI when employing without DG, with T1 type DG (operating at 1.00 power factor),
ith T2 type DG (operating at 0.80 leading power factor), with T3 type DG (operating at 0.00 power factor), with
4 type DG (operating at 0.99 lagging power factor) with different load models such as PLM-MLM-LLM. From the
raph it is clear that VDI is such higher without DG, whereas it is lowest when T2 type DG working at 0.80 leading
ower factor.
Fig. 6(b) shows variation of SCCI when employing without DG, with T1 type DG (operating at 1.00 power factor),
ith T2 type DG (operating at 0.80 leading power factor), with T3 type DG (operating at 0.00 power factor), with
4 type DG (operating at 0.99 lagging power factor) with different load models such as PLM-MLM-LLM. From the
raph it is clear that SCCI is such higher without DG, whereas it is lowest when T2 type DG working at 0.80 leading
ower factor.
Fig. 6(c) shows variation of EIRI when employing without DG, with T1 type DG (operating at 1.00 power factor),
ith T2 type DG (operating at 0.80 leading power factor), with T3 type DG (operating at 0.00 power factor), with
4 type DG (operating at 0.99 lagging power factor) with different load models such as PLM-MLM-LLM. From the
raph it is clear that EIRI is such higher without DG, whereas it is lowest when T2 type DG working at 0.80 leading
ower factor.
Fig. 6(d) shows variation of VP (p.u.) when employing without DG, with T1 type DG (operating at 1.00 power
actor), with T2 type DG (operating at 0.80 leading power factor), with T3 type DG (operating at 0.00 power factor),
ith T4 type DG (operating at 0.99 lagging power factor) with different load models such as PLM-MLM-LLM. From
he graph it is clear that VP (p.u.) is such lowest without DG, whereas it is higher when T2 type DG working at 0.80
eading power factor.
.2. CON-INS-RES-COM-REF load models
The planning of different types of DGs (such as T1, T2, T3 and T4) with CON-INS-RES-COM-REF load models,
s carried out by employing GA and the obtained results are illustrated in Table 12.
Table 12 shows variations of Pintake (p.u.), Qintake (p.u.), Sintake (p.u.), System (p.u.), PLmin (p.u.), QLmin (p.u.) PLI,Please cite this article in press as: Singh, B., et al., GA-based multi-objective optimization for distributed generations planning
with DLMs in distribution power systems. J. Electr. Syst. Inform. Technol. (2016), http://dx.doi.org/10.1016/j.jesit.2016.10.012
LI, VDI, SCCI and EIRI when employing without DG, with T1 type DG (operating at 1.00 power factor), with T2
ype DG (operating at 0.80 leading power factor), with T3 type DG (operating at 0.00 power factor), with T4 type DG
operating at 0.99 lagging power factor) with different load models such as CON-INS-RES-COM-REF. From Table 12
t is clear that Pintake (p.u.), Qintake (p.u.), Sintake (p.u.), System (p.u.), PLmin (p.u.), QLmin (p.u.) PLI, QLI, VDI, SCCI
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Table 12
GA optimized DG planning with different DLMs such as CON, INS, RES, COM and REF from total minimum real power loss of the system viewpoint.
DLMs WODG/WDG PDG QDG PFDG LOCDG Pintake Qintake Sintake Ssystem PLmin QLmin PLI QLI VDI SCCI EIRI Vmin Vmax
CON WODG – – – – 2.4259 3.9039 4.5963 4.5963 0.1889 0.1259 100.00 100.00 8.13 99.64 1.00 0.9462 1.03
WDG-T1-1.00 2.0083 0.0000 1.00 6 2.3720 1.8081 2.9825 4.4935 0.1014 0.0720 53.69 57.17 5.34 99.29 0.6045 0.9749 1.03
WDG-T2-0.80 lead 1.3658 1.0243 0.80 6 1.3352 2.4315 2.7739 4.4707 0.0823 0.0596 43.58 47.29 5.29 99.29 0.9679 0.9754 1.03
WDG-T3-0.00 0.0000 1.2118 0.00 30 1.1723 3.8492 4.0238 4.5308 0.1342 0.0899 71.05 71.44 6.99 99.31 0.4832 0.9579 1.03
WDG-T4-0.99 lag 1.8459 −0.2630 0.99 6 2.6451 1.9866 3.3080 4.5125 0.1175 0.0821 62.23 65.15 5.79 99.30 0.7514 0.9702 1.03
INS WODG – – – – 2.1673 3.8709 4.4363 4.4363 0.1661 0.1104 100.00 100.00 7.59 99.56 1.00 0.9517 1.03
WDG-T1-1.00 0.9324 0.0000 1.00 10 2.2648 2.8898 3.6716 4.4428 0.1098 0.0727 66.13 65.86 6.07 99.99 0.7379 0.9677 1.03
WDG-T2-0.80 lead 0.6592 0.4944 0.80 30 1.8182 3.1494 3.6365 4.4557 0.0958 0.0643 57.71 58.34 6.42 99.98 0.9007 0.9638 1.03
WDG-T3-0.00 0.0000 1.1189 0.00 30 1.6784 3.8423 4.0158 4.4713 0.1316 0.0880 79.24 79.74 6.75 99.81 0.7144 0.9604 1.03
WDG-T4-0.99 lag 0.8887 −0.1266 0.99 30 2.4171 2.9448 3.8097 4.4656 0.1223 0.0827 73.66 74.97 6.64 99.93 0.7995 0.9615 1.03
RES WODG – – – – 2.2375 3.8304 4.4360 4.4360 0.1664 0.1106 100.00 100.00 7.58 99.63 1.00 0.9518 1.03
WDG-T1-1.00 0.6765 0.0000 1.00 13 2.2814 3.1377 3.8794 4.4444 0.1189 0.0786 71.50 71.12 6.14 99.98 0.8272 0.9639 1.03
WDG-T2-0.80 lead 0.4406 0.3304 0.80 31 1.9656 3.3654 3.8974 4.4449 0.1133 0.0752 68.11 67.98 6.79 99.95 0.9030 0.9600 1.03
WDG-T3-0.00 0.0000 1.1014 0.00 30 1.2117 3.8222 4.0096 4.4676 0.1291 0.0863 77.61 78.06 6.75 99.91 0.5416 0.9605 1.03
WDG-T4-0.99 lag 0.6483 −0.0924 0.99 31 2.3869 3.1702 3.9683 4.4548 0.1296 0.0868 77.91 78.58 6.88 99.94 0.8730 0.9590 1.03
COM WODG – – – – 2.2632 3.7986 4.4218 4.4218 0.1646 0.1093 100.00 100.00 7.53 99.76 1.00 0.9524 1.03
WDG-T1-1.00 0.3631 0.0000 1.00 16 2.2781 3.4337 4.1207 4.4278 0.1339 0.0881 81.38 80.68 6.75 99.99 0.9125 0.9607 1.03
WDG-T2-0.80 lead 1.6736 1.2552 0.80 23 1.0522 2.1341 2.3793 4.4522 0.1250 0.0896 73.97 81.98 6.79 99.94 0.9021 0.9605 1.03
WDG-T3-0.00 0.0000 0.7391 0.00 30 1.5594 3.7969 4.1047 4.4385 0.1313 0.0871 79.73 79.72 6.96 99.99 0.6890 0.9582 1.03
WDG-T4-0.99 lag 1.9813 −0.2823 0.99 23 2.5831 1.8302 3.1657 4.4521 0.1397 0.0972 84.92 88.95 6.94 1.215 0.6765 0.9584 1.03
REF WODG – – – – 2.3677 3.8369 4.5086 4.5086 0.1769 0.1177 100.00 100.00 7.82 99.40 1.00 0.9493 1.03
WDG-T1-1.00 1.8290 0.0000 1.00 7 2.3613 1.9881 3.0868 4.4884 0.1010 0.0695 57.11 59.04 5.27 99.99 0.6129 0.9757 1.03
WDG-T2-0.80 lead 1.3116 0.9837 0.80 26 1.3701 2.4881 2.8404 4.4697 0.0807 0.0585 45.61 49.70 5.31 99.99 0.9472 0.9753 1.03
WDG-T3-0.00 0.0000 1.1768 0.00 30 1.1909 3.8231 4.0042 4.4968 0.1302 0.0870 73.49 73.90 6.84 99.59 0.5030 0.9595 1.03
WDG-T4-0.99 lag 1.6973 −0.2418 0.99 7 2.6054 2.1247 3.3619 4.4957 0.1152 0.0787 65.12 66.84 5.73 99.91 0.7505 0.9709 1.03
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wig. 7. Pertaining to different types of DGs with DLMs such as CON, INS, RES, COM and REF, profiles of(a) Pintake (b) Qintake (c) Sintake and (d)
system.
nd EIRI is such higher without DG, whereas it is lowest when T2 type DG working at 0.80 leading power factor. From
able 12 it is also clear that VP (p.u.) is lowest without DG, whereas it is higher when T2 type DG working at 0.80
eading power factor.
From Figs. 7–9, it is may concluded that the distribution power system performance parameters and indices such as
intake, Qintake, Sintake, Ssystem, PLmin, QLmin, PLI, QLI, VDI, SCCI, EIRI and VP from the minimum total real power
oss of the system viewpoint and their respective DGs with DLMs such as CON-INS-RES-COM-REF load models are
T2, T3}, T1, T2, T2, {T1, T2}, {T1, T2}, {T1, T2}, {T1, T2}, {T1, T2}, {T1, T2},{T1, T2}, {T1, T2}. The overall more
ffective types of DGs with DLMs such as CON-INS-RES-COM-REF load models from performances viewpoints are
T1, T2}. The {T3, T4} are less effective types of DGs with DLMs such as CON-INS-RES-COM-REF load models
rom minimum total real power loss of the system performance viewpoint. The performance order would be as follows:
2 >  T1 >  T4 >  T3.
Fig. 7(a) shows variation of Pintake (p.u.) when employing without DG, with T1 type DG (operating at 1.00 power
actor), with T2 type DG (operating at 0.80 leading power factor), with T3 type DG (operating at 0.00 power factor),
ith T4 type DG (operating at 0.99 lagging power factor) with different load models such as CON-INS-RES-COM-
EF. From the graph it is clear that Pintake (p.u.) is such higher without DG, whereas it is lowest when T2 type DG
orking at 0.80 leading power factor.
Fig. 7(b) shows variation of Qintake (p.u.) when employing without DG, with T1 type DG (operating at 1.00 power
actor), with T2 type DG (operating at 0.80 leading power factor), with T3 type DG (operating at 0.00 power factor),
ith T4 type DG (operating at 0.99 lagging power factor) with different load models such as CON-INS-RES-COM-
EF. From the graph it is clear that Qintake (p.u.) is such higher without DG, whereas it is lowest when T2 type DG
orking at 0.80 leading power factor.
Fig. 7(c) shows variation of Sintake (p.u.) when employing without DG, with T1 type DG (operating at 1.00 power
actor), with T2 type DG (operating at 0.80 leading power factor), with T3 type DG (operating at 0.00 power factor),Please cite this article in press as: Singh, B., et al., GA-based multi-objective optimization for distributed generations planning
with DLMs in distribution power systems. J. Electr. Syst. Inform. Technol. (2016), http://dx.doi.org/10.1016/j.jesit.2016.10.012
ith T4 type DG (operating at 0.99 lagging power factor) with different load models such as CON-INS-RES-COM-
EF. From the graph it is clear that Sintake (p.u.) is such higher without DG, whereas it is lowest when T2 type DG
orking at 0.80 leading power factor.
Please cite this article in press as: Singh, B., et al., GA-based multi-objective optimization for distributed generations planning
with DLMs in distribution power systems. J. Electr. Syst. Inform. Technol. (2016), http://dx.doi.org/10.1016/j.jesit.2016.10.012
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Fig. 8. Pertaining to different types of DGs with DLMs such as CON, INS, RES, COM and RES, profiles of (a) PLmin (b) QLmin (c) PL and (d) QLI.
Fig. 9. Pertaining to different types of DGs with DLMs such as CON, INS, RES, COM and RES, profiles of (a) VDI (b) SCCI (c) EIRI and (d) VP.
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Fig. 7(d) shows variation of System (p.u.) when employing without DG, with T1 type DG (operating at 1.00 power
actor), with T2 type DG (operating at 0.80 leading power factor), with T3 type DG (operating at 0.00 power factor),
ith T4 type DG (operating at 0.99 lagging power factor) with different load models such as CON-INS-RES-COM-
EF. From the graph it is clear that System (p.u.) is such higher without DG, whereas it is lowest when T2 type DG
orking at 0.80 leading power factor.
Fig. 8(a) shows variation of PLmin (p.u.) when employing without DG, with T1 type DG (operating at 1.00 power
actor), with T2 type DG (operating at 0.80 leading power factor), with T3 type DG (operating at 0.00 power factor),
ith T4 type DG (operating at 0.99 lagging power factor) with different load models such as CON-INS-RES-COM-
EF. From the graph it is clear that PLmin (p.u.) is such higher without DG, whereas it is lowest when T2 type DG
orking at 0.80 leading power factor.
Fig. 8(b) shows variation of QLmin (p.u.) when employing without DG, with T1 type DG (operating at 1.00 power
actor), with T2 type DG (operating at 0.80 leading power factor), with T3 type DG (operating at 0.00 power factor),
ith T4 type DG (operating at 0.99 lagging power factor) with different load models such as CON-INS-RES-COM-
EF. From the graph it is clear that QLmin (p.u.) is such higher without DG, whereas it is lowest when T2 type DG
orking at 0.80 leading power factor.
Fig. 8(c) shows variation of PLI when employing without DG, with T1 type DG (operating at 1.00 power factor),
ith T2 type DG (operating at 0.80 leading power factor), with T3 type DG (operating at 0.00 power factor), with T4
ype DG (operating at 0.99 lagging power factor) with different load models such as CON-INS-RES-COM-REF. From
he graph it is clear that PLI is such higher without DG, whereas it is lowest when T2 type DG working at 0.80 leading
ower factor.
Fig. 8(d) shows variation of QLI when employing without DG, with T1 type DG (operating at 1.00 power factor),
ith T2 type DG (operating at 0.80 leading power factor), with T3 type DG (operating at 0.00 power factor), with T4
ype DG (operating at 0.99 lagging power factor) with different load models such as CON-INS-RES-COM-REF. From
he graph it is clear that QLI is such higher without DG, whereas it is lowest when T2 type DG working at 0.80 leading
ower factor.
Fig. 9(a) shows variation of VDI when employing without DG, with T1 type DG (operating at 1.00 power factor),
ith T2 type DG (operating at 0.80 leading power factor), with T3 type DG (operating at 0.00 power factor), with T4
ype DG (operating at 0.99 lagging power factor) with different load models such as CON-INS-RES-COM-REF. From
he graph it is clear that VDI is such higher without DG, whereas it is lowest when T2 type DG working at 0.80 leading
ower factor.
Fig. 9(b) shows variation of SCCI when employing without DG, with T1 type DG (operating at 1.00 power factor),
ith T2 type DG (operating at 0.80 leading power factor), with T3 type DG (operating at 0.00 power factor), with
4 type DG (operating at 0.99 lagging power factor) with different load models such as CON-INS-RES-COM-REF.
rom the graph it is clear that SCCI is such higher without DG, whereas it is lowest when T2 type DG working at 0.80
eading power factor.
Fig. 9(c) shows variation of EIRI when employing without DG, with T1 type DG (operating at 1.00 power factor),
ith T2 type DG (operating at 0.80 leading power factor), with T3 type DG (operating at 0.00 power factor), with T4
ype DG (operating at 0.99 lagging power factor) with different load models such as CON-INS-RES-COM-REF. From
he graph it is clear that EIRI is such higher without DG, whereas it is lowest when T2 type DG working at 0.80 leading
ower factor.
Fig. 9(d) shows variation of VP (p.u.) when employing without DG, with T1 type DG (operating at 1.00 power
actor), with T2 type DG (operating at 0.80 leading power factor), with T3 type DG (operating at 0.00 power factor),
ith T4 type DG (operating at 0.99 lagging power factor) with different load models such as CON-INS-RES-COM-
EF. From the graph it is clear that VP (p.u.) is such lowest without DG, whereas it is higher when T2 type DG working
t 0.80 leading power factor.
.3. CON-SDM-SNM-WDM-WNM load modelsPlease cite this article in press as: Singh, B., et al., GA-based multi-objective optimization for distributed generations planning
with DLMs in distribution power systems. J. Electr. Syst. Inform. Technol. (2016), http://dx.doi.org/10.1016/j.jesit.2016.10.012
Table 13 presents the planning result of different types of DGs (such as T1, T2, T3 and T4) with CON-SDM-SNM-
DM-WNM load models. These are GA optimized results.
Table 13 shows variations of Pintake (p.u.), Qintake (p.u.), Sintake (p.u.), System (p.u.), PLmin (p.u.), QLmin (p.u.) PLI,
LI, VDI, SCCI and EIRI when employing without DG, with T1 type DG (operating at 1.00 power factor), with T2
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Table 13
GA optimized DG planning with different DLMs such as CON, SDM, SNM, WDM and WNM from total minimum real power loss of the system viewpoint.
DLMs WODG/WDG PDG QDG PFDG LOCDG Pintake Qintake Sintake Ssystem PLmin QLmin PLI QLI VDI SCCI EIRI Vmin Vmax
CON WODG – – – – 2.4259 3.9039 4.5963 4.5963 0.1889 0.1259 100.00 100.00 8.13 99.64 1.00 0.9462 1.03
WDG-T1-1.00 2.0398 0.000 1.00 6 2.3717 1.7761 2.9631 4.4929 0.1098 0.0718 53.45 56.97 5.29 99.29 0.5980 0.9754 1.03
WDG-T2-0.80 lead 1.3658 1.0244 0.80 6 1.3352 2.4315 2.7739 4.4707 0.0823 0.0596 43.58 47.29 5.29 99.29 0.9677 0.9754 1.03
WDG-T3-0.00 0.000 1.2221 0.00 30 1.1678 3.8492 4.0225 4.5308 0.1342 0.0899 71.05 71.44 6.99 99.32 0.4814 0.9579 1.03
WDG-T4-0.99 lag 1.8459 −0.263 0.99 6 2.6451 1.9866 3.3080 4.5125 0.1175 0.0821 62.23 65.15 5.79 99.30 0.7514 0.9703 1.03
SDM WODG – – – – 2.1673 3.8709 4.4363 4.4363 0.1661 0.1104 100.00 100.00 7.59 99.56 1.00 0.9517 1.03
WDG-T1-1.00 0.5432 0.000 1.00 14 2.2258 3.2893 3.9716 4.4320 0.1225 0.0806 73.74 73.05 6.52 99.81 0.8465 0.9775 1.03
WDG-T2-0.80 lead 0.3928 0.2946 0.80 31 1.9577 3.4351 3.9538 4.4414 0.1179 0.0782 71.02 70.85 6.88 99.81 0.9416 0.9590 1.03
WDG-T3-0.00 0.000 1.0820 0.00 30 1.2001 3.8421 4.0252 4.4687 0.1316 0.0879 79.27 79.73 6.77 99.80 0.5059 0.9602 1.03
WDG-T4-0.99 lag 0.5076 −0.072 0.99 15 2.2890 3.3302 4.0411 4.4321 0.1285 0.0847 77.44 76.78 6.62 99.78 0.8966 0.9749 1.03
SNM WODG – – – – 2.2375 3.8304 4.4360 4.4360 0.1664 0.1106 100.00 100.00 7.58 99.63 1.00 0.9518 1.03
WDG-T1-1.00 0.6552 0.000 1.00 11 2.2750 3.1575 3.8917 4.4399 0.1214 0.0803 72.97 72.60 6.43 99.97 0.8345 0.9729 1.03
WDG-T2-0.80 lead 0.4409 0.3306 0.80 31 1.9655 3.3652 3.8972 4.4449 0.1133 0.0757 68.11 67.96 6.79 99.95 0.9530 0.9600 1.03
WDG-T3-0.00 0.000 1.1021 0.00 30 1.2111 3.8222 4.0094 4.4676 0.1291 0.0863 77.60 78.06 6.75 99.91 0.5419 0.9604 1.03
WDG-T4-0.99 lag 0.5455 −0.077 0.99 14 2.3460 3.2710 4.0253 4.4397 0.1290 0.0851 77.56 76.99 6.62 99.90 0.9008 0.9748 1.03
WDM WODG – – – – 2.2632 3.7986 4.4218 4.4218 0.1646 0.1093 100.00 100.00 7.53 99.76 1.00 0.9524 1.03
WDG-T1-1.00 0.4206 0.000 1.00 15 2.2809 3.3767 4.0748 4.4297 0.1305 0.0858 79.27 78.57 6.68 100.003 0.8984 0.9737 1.03
WDG-T2-0.80 lead 0.3018 0.2263 0.80 31 2.0659 3.4902 4.0558 4.4309 0.1263 0.0836 76.75 76.48 6.99 100.003 0.9730 0.9580 1.03
WDG-T3-0.00 0.000 0.8628 0.00 30 1.4437 3.7997 4.0648 4.4450 0.1289 0.0857 78.32 78.45 6.87 100.01 0.6380 0.9592 1.03
WDG-T4-0.99 lag 0.3907 −0.055 0.99 16 2.3338 3.4071 4.1297 4.4286 0.1357 0.0894 82.48 81.85 6.76 99.99 0.9310 0.9717 1.03
WNM WODG – – – – 2.3677 3.8369 4.5086 4.5086 0.1769 0.1177 100.00 100.00 7.82 99.40 1.00 0.9493 1.03
WDG-T1-1.00 0.3679 0.000 1.00 16 2.3566 3.4540 4.1814 4.4901 0.1428 0.0942 80.69 79.97 7.02 99.53 0.9263 0.9707 1.03
WDG-T2-0.80 lead 1.6687 1.2515 0.80 23 1.1145 2.1555 2.4266 4.4970 0.1334 0.0955 75.45 81.18 7.03 100.02 0.9260 0.9576 1.03
WDG-T3-0.00 0.000 0.7530 0.00 30 1.6075 3.8177 4.1423 4.4885 0.1361 0.0905 76.94 76.80 7.18 99.53 0.6790 0.9560 1.03
WDG-T4-0.99 lag 1.9879 −0.283 0.99 23 2.6532 1.8455 3.2320 4.5069 0.1493 0.1038 84.43 88.23 7.19 100.22 0.7048 0.9559 1.03
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wig. 10. Pertaining to different type of DGs with DLMs such as CON, SDM, SNM, WDM and WNM, profiles of (a) Pintake (b) Qintake (c) Sintake
nd (d) Ssystem.
ype DG (operating at 0.80 leading power factor), with T3 type DG (operating at 0.00 power factor), with T4 type DG
operating at 0.99 lagging power factor) with different load models such as CON-SDM-SNM-WDM-WNM. From
able 13 it is clear that Pintake (p.u.), Qintake (p.u.), Sintake (p.u.), System (p.u.), PLmin (p.u.), QLmin (p.u.) PLI, QLI,
DI, SCCI and EIRI is such higher without DG, whereas it is lowest when T2 type DG working at 0.80 leading power
actor. From Table 13 it is also clear that VP (p.u.) is lowest without DG, whereas it is higher when T2 type DG working
t 0.80 leading power factor.
From Figs. 10–12, it is noticed the distribution power system performance parameters and indices such as Pintake,
intake, Sintake, Ssystem, PLmin, QLmin, PLI, QLI, VDI, SCCI, EIRI and VP from the minimum total real power loss of
he system viewpoint and their respective DGs with DLMs such as CON-SDM-SNM-WDM-WNM load models are
T2, T3}, T1, T2, T2, {T1, T2}, {T1, T2}, {T1, T2}, {T1, T2}, {T1, T2}, {T1, T2},{T1, T2}, {T1, T2}. The overall more
ffective types of DGs with DLMs such as CON-SDM-SNM-WDM-WNM load models from minimum total real power
oss of the system performance viewpoint are {T1, T2}. The {T3, T4} are less effective types of DGs with DLMs from
erformances viewpoints. Hence, it may be noted that the performance order are as follows: T2 >  T1 >  T4 >  T3.
Fig. 10(a) shows variation of Pintake (p.u.) when employing without DG, with T1 type DG (operating at 1.00 power
actor), with T2 type DG (operating at 0.80 leading power factor), with T3 type DG (operating at 0.00 power factor),
ith T4 type DG (operating at 0.99 lagging power factor) with different load models such as CON-SDM-SNM-WDM-
NM. From the graph it is clear that Pintake (p.u.) is such higher without DG, whereas it is lowest when T2 type DG
orking at 0.80 leading power factor.
Fig. 10(b) shows variation of Qintake (p.u.) when employing without DG, with T1 type DG (operating at 1.00 power
actor), with T2 type DG (operating at 0.80 leading power factor), with T3 type DG (operating at 0.00 power factor),
ith T4 type DG (operating at 0.99 lagging power factor) with different load models such as CON-SDM-SNM-WDM-
NM. From the graph it is clear that Qintake (p.u.) is such higher without DG, whereas it is lowest when T2 type DG
orking at 0.80 leading power factor.Please cite this article in press as: Singh, B., et al., GA-based multi-objective optimization for distributed generations planning
with DLMs in distribution power systems. J. Electr. Syst. Inform. Technol. (2016), http://dx.doi.org/10.1016/j.jesit.2016.10.012
Fig. 10(c) shows variation of Sintake (p.u.) when employing without DG, with T1 type DG (operating at 1.00 power
actor), with T2 type DG (operating at 0.80 leading power factor), with T3 type DG (operating at 0.00 power factor),
ith T4 type DG (operating at 0.99 lagging power factor) with different load models such as CON-SDM-SNM-WDM-
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Fig. 11. Pertaining to different type of DGs with DLMs (p.u.) CON, SDM, SNM, WDM and WNM profiles of (a) PLmin (b) QLmin (c) PLI and (d)
QLI.
WNM. From the graph it is clear that Sintake (p.u.) is such higher without DG, whereas it is lowest when T2 type DG
working at 0.80 leading power factor.
Fig. 10(d) shows variation of System (p.u.) when employing without DG, with T1 type DG (operating at 1.00 power
factor), with T2 type DG (operating at 0.80 leading power factor), with T3 type DG (operating at 0.00 power factor),
with T4 type DG (operating at 0.99 lagging power factor) with different load models such as CON-SDM-SNM-WDM-
WNM. From the graph it is clear that System (p.u.) is such higher without DG, whereas it is lowest when T2 type DG
working at 0.80 leading power factor.
Fig. 11(a) shows variation of PLmin (p.u.) when employing without DG, with T1 type DG (operating at 1.00 power
factor), with T2 type DG (operating at 0.80 leading power factor), with T3 type DG (operating at 0.00 power factor),
with T4 type DG (operating at 0.99 lagging power factor) with different load models such as CON-SDM-SNM-WDM-
WNM. From the graph it is clear that PLmin (p.u.) is such higher without DG, whereas it is lowest when T2 type DG
working at 0.80 leading power factor.
Fig. 11(b) shows variation of QLmin (p.u.) when employing without DG, with T1 type DG (operating at 1.00 power
factor), with T2 type DG (operating at 0.80 leading power factor), with T3 type DG (operating at 0.00 power factor),
with T4 type DG (operating at 0.99 lagging power factor) with different load models such as CON-SDM-SNM-WDM-
WNM. From the graph it is clear that QLmin (p.u.) is such higher without DG, whereas it is lowest when T2 type DG
working at 0.80 leading power factor.
Fig. 11(c) shows variation of PLI when employing without DG, with T1 type DG (operating at 1.00 power factor),
with T2 type DG (operating at 0.80 leading power factor), with T3 type DG (operating at 0.00 power factor), with T4
type DG (operating at 0.99 lagging power factor) with different load models such as CON-SDM-SNM-WDM-WNM.Please cite this article in press as: Singh, B., et al., GA-based multi-objective optimization for distributed generations planning
with DLMs in distribution power systems. J. Electr. Syst. Inform. Technol. (2016), http://dx.doi.org/10.1016/j.jesit.2016.10.012
From the graph it is clear that PLI is such higher without DG, whereas it is lowest when T2 type DG working at 0.80
leading power factor.
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Fig. 12. Pertaining to different type of DGs with DLMs (p.u.) CON, SDM, SNM, WDM and WNM profiles of (a) VDI (b) SCCI (c) EIRI and (d)
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Fig. 11(d) shows variation of QLI when employing without DG, with T1 type DG (operating at 1.00 power factor),
ith T2 type DG (operating at 0.80 leading power factor), with T3 type DG (operating at 0.00 power factor), with T4
ype DG (operating at 0.99 lagging power factor) with different load models such as CON-SDM-SNM-WDM-WNM.
rom the graph it is clear that QLI is such higher without DG, whereas it is lowest when T2 type DG working at 0.80
eading power factor.
Fig. 12(a) shows variation of VDI when employing without DG, with T1 type DG (operating at 1.00 power factor),
ith T2 type DG (operating at 0.80 leading power factor), with T3 type DG (operating at 0.00 power factor), with T4
ype DG (operating at 0.99 lagging power factor) with different load models such as CON-SDM-SNM-WDM-WNM.
rom the graph it is clear that VDI is such higher without DG, whereas it is lowest when T2 type DG working at 0.80
eading power factor.
Fig. 12(b) shows variation of SCCI when employing without DG, with T1 type DG (operating at 1.00 power factor),
ith T2 type DG (operating at 0.80 leading power factor), with T3 type DG (operating at 0.00 power factor), with T4
ype DG (operating at 0.99 lagging power factor) with different load models such as CON-SDM-SNM-WDM-WNM.
rom the graph it is clear that SCCI is such higher without DG, whereas it is lowest when T2 type DG working at 0.80
eading power factor.
Fig. 12(c) shows variation of EIRI when employing without DG, with T1 type DG (operating at 1.00 power factor),
ith T2 type DG (operating at 0.80 leading power factor), with T3 type DG (operating at 0.00 power factor), with T4
ype DG (operating at 0.99 lagging power factor) with different load models such as CON-SDM-SNM-WDM-WNM.
rom the graph it is clear that EIRI is such higher without DG, whereas it is lowest when T2 type DG working at 0.80
eading power factor.
Fig. 12(d) shows variation of VP (p.u.) when employing without DG, with T1 type DG (operating at 1.00 powerPlease cite this article in press as: Singh, B., et al., GA-based multi-objective optimization for distributed generations planning
with DLMs in distribution power systems. J. Electr. Syst. Inform. Technol. (2016), http://dx.doi.org/10.1016/j.jesit.2016.10.012
actor), with T2 type DG (operating at 0.80 leading power factor), with T3 type DG (operating at 0.00 power factor),
ith T4 type DG (operating at 0.99 lagging power factor) with different load models such as CON-SDM-SNM-WDM-
+Model
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WNM. From the graph it is clear that VP (p.u.) is such lowest without DG, whereas it is higher when T2 type DG
working at 0.80 leading power factor.
4.4. Comparisons of results
Table 14 shows the comparisons of results of the impact assessment of optimally placed different types of DGs
(such as T1, T2, T3 and T4) with DLMs such as PLM-MLM-LLM, CON-INS-RES-COM-REF and CON-SDM-SNM-
WDM-WNM load models (optimized by GA) for the power system indices from minimum total real power loss of the
system viewpoint. The sequence of overall power system performance indices such as PLI, QLI, VDI, SCCI and EIRI
are as follows: T2 >  T1 >  T4 >  T3. These show that T2 have the best power system performance indices while T3 have
the worst power system performance indices with DLMs such as PLM-MLM-LLM, CON-INS-RES-COM-REF and
CON-SDM-SNM-WDM-WNM load models.
5. Conclusions
This paper presents the impact assessment of optimally placed different types of DGs (such as T1, T2, T3 and T4)
with DLMs by GA in the distribution power systems form the total mimimum real power loss of the system viewpoint.
In this paper, the different power system performance parameters such as minimization of real power loss, minimization
of reactive power loss, improvement of voltage profile, reduction of short circuit current or MVA line capacity and
reduction of environmental GHG from the total minimum total real loss of the system viewpoint in emergency such
as under fault, sudden change in field excitation of alternators or load increased in power systems are analyzed. The
effectiveness of the proposed methodology is tested on IEEE-37 bus distribution test system. The different types of
DGs (such as T1, T2, T3 and T4) with DLMs have shown different behaviours for the power system performance
indices such as PLI, QLI, VDI, SCCI and EIRI viewpoints.
The following conclusions are made from this work:
(a) Enhancement of the distribution power system performance indices such as PLI, QLI, VDI, SCCI and EIRI
viewpoints depends on the size of DGs and their suitable placement in the distribution power systems.
b) Enhancement of reactive power support to the system by DGs.
(c) The real and reactive power losses of the system are minimized by DGs.
5.1. Future scope of work
The following points may be noted as scope of future work.
(a) The proposed methodology may be used for optimal placement of FACTS controllers such as static synchronous
compensator (STATCOM), distributed-STATCOM, dynamic voltage restorer (DVR), hybrid power flow controllers
(HPFC) and generalised unified power flow controllers (GUPFC) etc.
(b) In future, hybrid AI techniques may be employed for the enhancement of distribution power system performances
by the way of propoer coordination among DGs and FACTS controllers.
(c) In future, dynamic load models may also used for enhancement of the distribution power system performances
while deploying DGs and FACTS controllers.
(d) The practical system implementation is possible for practisiners those are working in the fields of renewable energy
source.
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Table 14
GA optimized DG planning with different DLMs from total minimum real power loss of the system viewpoint.
DLMs WODG/WDG % PLI reduc-
tion = (1 − PLI) × 100
% QLI reduc-
tion = (1 − QLI) × 100
% VDI improve-
ment = (1 − VDI) × 100
% SCCI improve-
ment = (1 − SCCI) × 100
% EIRI improve-
ment = (1 − EIRI) × 100
Remarks
PLM-MLM-LLM WODG 100, 100, 100 100, 100, 100 100, 100, 100 100, 100, 100 100, 100, 100 PLI (T2 > T1 > T4 > T3)
QLI (T2 > T1 > T4 > T3)
VDI (T3 > T4 > T2 > T1)
SCCI (T2 > T1 > T4 > T3)
EIRI (T2 > T1 > T4 > T3)
WDG-T1-1.00 46.55, 41.43, 34.23 43.03, 37.87,31.47 34.93, 28.19, 20.18 0.35, 0.45, 0.37 59.81, 51.57, 68.79
WDG-T2-0.80 lead 56.42, 50.67, 45.78 52.71, 46.77,41.90 34.93, 30.17, 23.88 0.35, 0.45, 0.38 96.76, 86.43, 91.42
WDG-T3-0.00 28.95, 19.76, 19.43 28.56, 19.52,19.44 14.02, 8.69, 7.26 0.33, 0.19, 0.18 48.33, 64.10, 70.31
WDG-T4-0.99 lag 37.88, 33.84, 3015 34.94, 30.89,30.29 29.03, 22.79, 19.13 0.34, 0.44, 0.37 74.89, 68.87, 77.95
CON-INS-RES-COM-REF WODG 100, 100, 100, 100, 100 100, 100, 100, 100, 100 100, 100, 100, 100, 100 100, 100, 100, 100, 100 100, 100, 100, 100, 100 PLI (T2 > T1 > T4 > T3)
QLI (T2 > T1 > T4 > T3)
VDI (T3 > T4 > T2 > T1)
SCCI (T2 > T1 > T4 > T3)
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